We describe the ecological niche of the human and animal pathogen Pythium insidiosum within endemic agricultural areas of Thailand. Samples were collected from irrigation water, including rice paddy fields, irrigation channels and reservoirs. Zoospores of P. insidiosum were captured from water by the use of a sterile human hair baiting technique. Pythium isolates were identified based on phenotypic characteristics and by using a specific PCR assay for P. insidiosum. In addition, internal transcribed spacer (ITS) regions of P. insidiosum rDNA were sequenced and used in the phylogenetic analysis of 20 other known P. insidiosum DNA sequences available in the database and 11 related DNA sequences of other Pythium species including Lagenidium giganteum. The sequences of 59 environmental isolates of Pythium spp. recovered from Thailand confirmed 99% identity to P. insidiosum. Three well supported phylogenetic groups within P. insidiosum were found. The protein profiles of P. insidiosum environmental strains were determined and compared with reference strains. A typical 45Á30 kDa band was consistently found in all isolates of P. insidiosum but not in closely related Pythium species. This study provides the first evidence for the natural occurrence of P. insidiosum in endemic aquatic environments. The highest recovery rate of this hydrophilic pathogen was found to be from water reservoirs and our data show that irrigation water may be an important source of P. insidiosum infection for individuals working in endemic agricultural areas.
Introduction
The genus Pythium comprises aquatic fungal-like organisms in the protistal kingdom Stramenopila [1] . Although several species in this genus have been described, only P. insidiosum has been associated with animal and human disease. During the past decade, P. insidiosum has emerged as an important human pathogen in Southeast Asia and Australia. Within this region, diagnosed cases of human pythiosis have been more commonly described in Thailand. Clinical manifestations include cutaneous/subcutaneous [2] , ocular [3, 4] , vascular and disseminated forms of infection [5, 6] . The cutaneous/subcutaneous and vascular with the disseminated forms of pythiosis are usually seen in patients with underlying hematological disorders [7, 8] . In contrast, most ocular cases are found in apparently healthy individuals [9, 10] .
Most Thai patients with vascular pythiosis have underlying hematologic disorders such as thalassemia [6, 11] , leukemia [12] , and aplastic anemia/paroxysmal nocturnal hemoglobinuria (PNH) syndrome [13] . They generally live in rural areas and about 90% are farmers inhabiting wet farms or swampy areas. Two human cases of orbital pythiosis in Australia were found in individuals living in proximity to swampland and equine farms. It is important to note that most farm families live close to and utilise for personal purposes the same water resources employed for growing crops or raising livestock [14] .
Pythium species inhabit aquatic and moist soil environments. The life cycle of P. insidiosum in nature probably utilizes plants on which it develops sporangia with motile biflagellate zoospores. The latter then colonize other plants in stagnant water. These zoospores have a strong tropism for animal tissues and hair. Thus, they have been incriminated as the infecting units, and are putatively involved in the pathogenesis of the infection [15] . It has been postulated that when a susceptible host enters an endemic swampy area or a field contaminated with P. insidioisum, the zoospores are chemically attracted to open wounds, thus initiating the infection [15] .
Occupations that occur in aquatic habitats are well known risk factors for human pythiosis [9] . However, the natural habitat of P. insidiosum in agricultural areas remains unclear. An attempt to isolate this pathogen from natural sources was reported by Miller [16] . In his study, zoospores of Pythium spp. in water from swampy environments in north Queensland were trapped using a single non-sterile human hair as bait. However, the identification of the isolates were based solely on colonial and mycelial morphological characteristics. Since P. insidiosum has antigenic and morphological features in common with other Pythium species [17, 18] , specific assays are needed to differentiate P. insidiosum from other, closely related, species.
In this study, water samples from rice paddies, irrigation channels, and reservoirs within northern Thailand that are well known endemic areas of human pythiosis, were collected. The water samples were then tested for the presence of P. insidiosum by culture, protein profile and phylogenetic analyses. The collected data showed that P. insidiosum was present in swampy environments, a finding that agrees with the current epidemiological distribution of P. insidiosum within Thailand [9] . Table 1 lists names, geographic origins, water source types and GenBank accession numbers of ITS sequences of P. insidiosum environmental isolates collected in this study. Table 2 provides accession numbers, hosts, and sources of the control strains used in the present investigation.
Materials and methods

Microorganisms
The selected endemic areas of pythiosis
Water samples were collected from five well known endemic areas of pythiosis in northern Thailand. In some cases, samples were collected from areas nearby to the recorded home addresses of patients that had been diagnosed with pythiosis. These geographical areas included the provinces of Chiang Mai, Chiang Rai, Lumphun, Lumpang and Nan. Between July 2003 and May 2005, a total of 325 samples were collected from 92 different locations of irrigation sources including rice paddy fields, irrigation channels and irrigation reservoirs (Table 4) . Rice paddy water samples were randomly collected from several sections of each paddy field. Three to four water samples were collected from each of the selected irrigation channels depending on the waterways length. The minimum distance between each collected site was two meters. Water samples from reservoirs were collected at four different opposite sides of the selected reservoirs and at least three samples per side were analyzed. Two types of water reservoirs were sampled, i.e., in domestic houses and in rice fields. Both types of reservoirs supplied water for long-term care of livestock and to meet agricultural needs.
Sampling and processing
Using 500-ml sterile plastic bottles, 500 ml water samples were collected from the top 5 to 10 cm of water at the indicated sites. Ten pieces (3-cm long) of autoclaved human hair were immediately introduced into the bottles after water collection. The samples were maintained at room temperature and transferred to the laboratory the same day. They were then incubated in the dark for 24 h at room temperature, after which the water was drained and the hairs were aseptically taken out the bottle. Five pieces of hair from each sample were placed on each of two 10-cm Petri plates containing 2% dextrose Sabouraud agar (SDA) pH 6.9 containing 100 units ml (1 of penicillin, 100 mg ml (1 of streptomycin and 4 mg ml (1 of benomyl. Plates were incubated for 24Á48 h at 25 o C and examined daily. All submerged colorless to white-cream fungal-like colonies growing from the inoculated hairs were subcultured and characterized based on their hyphal morphological features in comparison to those of Pythium spp. [1, 19] . All putative colonies of Pythium spp. were subcultured on SDA and incubated for five days at room temperature for DNA and protein extraction, as well as for other analyses. Because of the low sensitivity of the baiting technique and unknown density of P. insidiosum zoospores in an area of interest, a sample was considered positive for P. insidiosum if the organism was isolated from any or all of the baits from that sample. Furthermore, if P. insidiosum was isolated from any or all of the samples from a source, the source was also recorded as positive for P. insidiosum.
DNA extraction
DNA from mycelia was extracted using a bead beating technique. Briefly, five-day-old cultures were homogenized with 500 mg of 0.4Á0.6 mm diameter glass beads (Biospec, Oklahoma, USA) in a microcentrifuge tube at full speed for 30 s. The homogenized material was suspended in 500 ml of extraction buffer (2% Triton X-100, 1%SDS, 100 mM NaCl, 10 mM Tris-Cl buffer (pH 8.0), 1 mM EDTA) and placed on a vortex for 10 min. Nucleic acids were extracted with 500 ml of phenol/chloroform (1:1; Pierce, Rockford, USA) and ethanol precipitation. The DNA pellet was resuspended in 50 ml of 10 mM Tris-Cl (pH 8.0) and 1 ml 500 mg/ml of RNase A (Puregene, Minneapolis, USA). Cellular debris was removed by centrifugation at 12,000 )g for 15 min. The concentration of DNA was subsequently measured by spectrophotometry.
PCR amplification and sequencing
The molecular identification of the water isolates was determined through the use of a previously described PCR technique [20] . The forward primer, ITSpy1 (5?-CTGCGGAAGGATCATTACC-3?), and reverse primer, ITSpy2 (5?-GTCCTCGGAGTATAGATCAG-3?), were employed to amplify a 233-bp fragment of the ITS region. PCR was performed in a 25-ml volume of 1 ) Taq DNA polymerase buffer (10 mM Foster City, California). The samples were run in 2% agarose and visualized using ethidium bromide. For phylogenetic analysis, the whole ITS region was amplified and then sequenced. The internal transcribed spacer region of the rRNA gene was amplified using ITS1 and ITS4 universal primers [21] . The amplicons were cloned into pCR † 2.1-TOPO † vector and the vector construct was transformed into TOP10 One Shot † competent cell using the manufacturer's protocol (Invitrogen, San Diego, California). Amplicon insert-containing subclones were inoculated into 2 ml of LB medium (supplemented with 100 mg of ampicillin/ml), and incubated in a shaker incubator. Cell pellets were collected by centrifugation. Plasmid DNA was isolated using a plasmid purification kit (Nucleospin, Postfach, Germany). Sequencing was performed using the ABI Prism † BigDye TM terminator v3.1 cycle sequencing kit (Perkin-Elmer Applied Biosystems, Foster City, California, USA), as described by the manufacturer. Each reaction was performed in a 20 ml total volume containing approximately 300 ng of template DNA, 1 ml of 3.2 mM universal M13 forward or universal M13 reverse primers, 4 ml of ready reaction premix and 2 ml of BigDye TM sequencing buffer (200 mM Tris at pH 9.0 and 5 mM MgCl 2 ). After thermocycling for 25 cycles of denaturation at 96 o C for 10 s, annealing at 50 o C for 5 s, and extending at 60 o C for 4 min, the extension products were purified by precipitation with ethanol acetate solution (95% ethanolÁ3 M sodium acetate) followed by washing with 70% ethanol. The samples were subsequently loaded on an ABI PRISM † 377 DNA Sequencer.
Sequencing analysis
All sequences generated in this study have been deposited in GenBank and their accession numbers are given in Table 1 . The ITS sequences of all environmental isolates were analyzed by BLAST comparisons against GenBank sequences. Sequences were aligned using ClustalW and manually edited using MEGA3 program version 3.1 [22] . ITS sequences of P. insidiosum and Pythium spp. available from GenBank database were also included within the alignments. Genetic distances for Neighbour-Joining and conditional clustering, Kimura-2 parameter distances, were computed using MEGA3 program. Gaps were treated as missing data. The strengths of internal branches of the resulting tree were statistically tested by bootstrap analysis of 1000 replications.
Zoospore induction
Sporangia and motile zoospore production were performed for all putative isolates of Pythium spp. in induction media (0. 2 .2H 2 O 1.84 g, distilled water 25 ml] and distilled water to 1,000 ml). Many pieces of mycelia growing on SDA and autoclaved horse's hair were introduced into 50 ml of the induction medium and incubated at 37 o C in the dark for 18 h. After incubation, the morphology of the induced sporangia and zoospores was recorded.
Protein preparation
Pure cultures of P. insidiosum isolates, properly identified by the above molecular methodologies, were analyzed for their protein profiles. Briefly, the cultures were grown in 2% Sabouraud dextrose broth (SDB) pH 6.9 at 37 o C on a shaker rotating at 150 rpm. Secreted protein antigens were prepared from cell-free culture filtrate antigens and concentrated by ammonium sulfate precipitation. The proteins were suspended in PBS pH 7.2 containing a protease-inhibitor cocktail (4-(2-aminoethyl) benzenesulfonyl fluoride [AEBSF], 
Immunoblot analysis
Immunoblotting was performed as previously described [20] . Briefly, 1 mg of the secreted protein antigens was separated by SDS-PAGE and transferred to the nitrocellulose membrane (Amersham). The blots were then incubated with anti-P. insidiosum CBS119452-immunized rabbit polyclonal antibodies (1:100 dilution) for 1 h at 37 o C. Following incubation with horseradish peroxidase-conjugated goat anti-rabbit IgG (1:3000 dilution), bound antibody was detected by using alkaline phosphatase colorimetric detection, with 4-chloro-1-naphthol as a substrate.
Results
Isolation and characterization of P. insidiosum
The samples of human hair that were used as bait to trap zoosporic peronosporomycetes (oomycetes) yielded 145 putative zoosporic isolates when inoculated on SDA containing antibiotics and fungicides. All those that were found through microscopic analysis to have broad, sparsely septate hyaline hyphae were subcultured and subjected to PCR assay.
In order to eliminate the presence of Taq polymerase inhibitors in the environmental samples and to increase the amount of target DNA, all putative Pythium spp. colonies were sub-cultured to fresh SDA. Isolates of other aquatic Peronosporomycetes and higher molds were differentiated from Pythium spp. by their colony morphologies and other cultural characteristics such as the development of oogonia and fruiting bodies. However, macroscopic and microscopic features were not sufficient to distinguish P. insidiosum from other Pythium spp. Therefore, PCR detection using primer ITSpy1 and ITSpy2 was employed to identify P. insidiosum from among the other isolates. The predicted 233-bp product was PCR-amplified from 61 of the 145 isolates, including the CBS119452 reference strain of P. insidiosum and the reference strains P. grandisporangium and P. cystogenes. P. insidiosum develops filamentous sporangia whereas P. grandisporangium produces globose sporangia. Hence, all PCR-positive isolates were further identified based on the characteristic of their sporangia. Sporangia and motile biflagellate zoospores of each isolate were produced in an induction medium (Fig. 1) . All of the isolates exhibited similar zoospore structures and filamentous sporangia characteristic of P. insidiosum.
Identification of the studied isolates by DNA sequencing and phylogenetic analysis DNA sequencing was performed in order to confirm the identity of PCR-positive isolates using a 920 bp region of the ITS region. BLAST analysis of the 920 bp DNA sequences identified 59 of 61 isolates as P. insidiosum, with 99% identity to previously described Pythium insidiosum ITS sequences isolated from clinical samples (GenBank accession number AY151173). The sequences of all 59 isolates were submitted in GenBank. Their accession numbers (EF016856-EF016914) are given in Table 1 . The phylogenetic relationships of the Thai P. insidiosum environmental isolates in this study and other P. insidiosum sequences recovered from patients with pythiosis, were compared against Pythium spp. using Lagenidium giganteum as an outgroup. This analysis placed the ITS sequences of the Thai environmental P. insidiosum strains and other analyzed sequences into 3 well-supported clades, i.e., A, B and C (Fig. 2) , and separated our environmental isolates from other known Pythium species and L. giganteum with bootstrap support estimates of 99% and 100%, respectively.
The three phylogenetic groups observed among P. insidiosum populations were all strongly supported. Cluster A group included the American strains, seven equine isolates from Costa Rica, two canine and one feline strain from the US, one equine from Brazil and one human isolate from Haiti, with bootstrap support estimates of 95% and 99% (Fig. 2) . Cluster B was composed of 41 of the 59 environmental isolates (69%) collected from all provinces in a well-supported phylogenetic group. The latter also contained clinical isolates including four human cases from Thailand, one from Indian mosquito larvae and two strains recovered from equine sources in Japan and Papua, New Guinea (Fig. 2) . Cluster C was composed of 18 of 59 (31%) environmental isolates, as well as clinical isolates from human cases in Thailand and the US and one strains obtained from a spectacled bear in a zoo in the US. Among environmental P. insidiosum isolates there was some evidence of geographical bias, with most of the environmental isolates in cluster C having been isolated from Lumphun (61%) and Lumpang (33%) provinces (Fig. 2) .
Detection rates by water source types
The presence of P. insidiosum and suspected Pythium spp. isolates in different water sources is summarized in Tables 3 and 4 . P. insidiosum was most frequently detected (37.5%) in reservoirs within the rice fields, with similar results (35.7%) detected in household irrigation reservoirs. The lowest overall detection rates for P. insidiosum were from water samples taken directly from rice paddies ( Table 3) . Of the 325 samples, 12.3% yielded P. insidiosum and 5.6%, 13.2%, 14.3% and 19.0% of the samples from rice paddies, irrigation channels, irrigation reservoirs in the rice fields and household reservoirs, respectively, were positive for the organism (Table 4) . Table 4 summarizes the number of putative Pythium spp. and P. insidiosum isolates obtained from each water source type in each province. In summary, approximately three to four water samples were taken from each source and the number of suspected Pythium spp. and P. insidiosum isolates recovered from each of these samples from each rice paddy ranged from 0 to 6 and 0 to 4 isolates, with an average of 0.91 and 0.36 isolates per sample, respectively. The number of isolates Pythium spp. and P. insidiosum recovered from each irrigation channel ranged from 0Á8 and 0Á4, with an average of 1.0 and 0.5 isolates per sample, respectively. In addition, the number of the isolates from each irrigation reservoir within rice fields ranged from 0 to 4 and 0 to 3, with an average of 0.67 and 0.45, respectively. In the case of the household irrigation reservoir, the isolates ranged in number from 0Á14 and 0Á11, with an average of 1.12 and 0.74 for each household irrigation reservoir, respectively.
Distribution of P. insidiosum in positive sources is also shown in Table 4 . In general, P. insidiosum was frequently isolated from only a few of the total samples collected within an area. Positive samples accounted for 38.8% (40/103) of the total samples obtained from positive areas and accounted for 31.8% (7/22), 37.5% (9/24), 36.4% (4/11) and 43.5% (20/46) of total samples collected from positive sources in rice paddies, irrigation channels, irrigation reservoirs in the rice fields and household reservoirs, respectively. The efficiency of P. insidiosum recovered by hair-baiting is 0.2 (59/325) isolations per water sample. In many instances, Pythium spp. and P. insidiosum were isolated from only a few of the ten baits employed. Therefore, it is desirable to use more than three baits in studies of this type. 
Immunogenic profile of environmental isolates
The protein-and immunogen profiles of P. insidiosum compared with other species of Pythium spp. are shown in Fig. 3a and 3b . An immunogenic protein band at approximately 40Á35 kDa was found to be dominant in four reference and two environmental isolates of P. insidiosum, but not in P. grandisporangium and P. cystogenes (Fig. 3B ) despite the fact that P. cystogenes showed very strong intensity protein-staining bands in the SDS-PAGE gels (Fig. 3A) . A 70 kDa band was clearly observed in two strains of P. insidiosum (Fig. 3B , lanes 2 and 4) and one strain of P. grandisporangium (Fig. 3B, lane 5) and consequently, this protein may be not specific for P. insidiosum. The immunoblot profiles of selected environmental isolates showed the 40Á35 kDa band as a dominant epitope for all P. insidiosum isolates (Fig. 4) .
Discussion
The presence of Pythium spp. in irrigation water [23, 24] , ornamentals [25Á29] and sprouts [30] has been well documented. Surface water supplies including ponds, lakes, rivers, and streams, as well as man-made reservoirs and canals are all possible sources of Pythium spp. that may originate from the underlying and surrounding soil or plant debris [31] . Although the first report of P. insidiosum (P. gracile) isolated from natural sources was described by Miller [16] , molecular tools were not available. Thus, the morphological identification of P. insidiosum in that study was not confirmed. To our knowledge, the data in this study describes the first successful isolation of P. insidiosum from aquatic environmental samples by culture whose identities were confirmed by molecular methodologies.
The primary aim of this study was to isolate P. insidiosum from agricultural aquatic sources. We have demonstrated that 26.1% of water sources investigated in the five selected provinces were positive for P. insidiosum. Our data showed that rice paddies, irrigation channels and reservoirs are all potential sources of this emerging pathogen. Several cases of human and animal pythiosis reported in dry areas suggested that susceptible hosts could acquire the infection from propagules other than the zoospores [15] . However, our observations indicated that water is an important ecological reservoir of P. insidiosum, but the organism may also reside in soil and water plants. Thus, it is quite possible that this pathogen is a transient inhabitant of aquatic environments and that it uses water to expand to new ecological niches. Furthermore, the distribution of P. insidiosum was found to be heterogeneous within the investigated sites suggesting that other factors may be influencing the dispersal of the organism. In addition, it is well documented that Pythium spp. are ubiquitous in soil and aquatic habitats [18] . Many species of the genus have been reported as plant pathogens [23, 24] . A model of P. insidiosum life cycle in nature has been proposed and it suggested that kunkers, i.e., accumulations of hyphae and inflammatory cells from infected horses, may be expelled, grow and produce sporangia and zoospores in wet environments [15] . These observations, combined with the data from our study suggest that any irrigation methods in which the water could come in contact with soil, plant debris or P. insidiosum infected-tissue has the possibility of spreading this pathogen. The isolation of P. insidiosum from soil sources and water plants may provide more insights into the complex life cycle of this little known organism.
The baiting technique employed in our study has been frequently used to recover isolates of Pythium spp. Baits such as hemp seeds or plant leaves are commonly used to trap plant-pathogenic Pythium from water. Although the baiting technique is economic, simple to perform and relatively easy to carry out in large numbers, the sensitivity of the method appears lower than that observed with immunoassays such as the zoospore trapping immuno-assay (ZTI) and immunodiagnostic dipstick assay [32] . However, to test this observation, side-by-side tests are needed to be undertaken within controlled environments. Pettitt et al. [32] showed that the conventional baiting assay was effective at detecting propagules of Pythium Group F and P. ultimum over the dilutions tested. Their test had a minimum detection level of 10 2 zoospore l (1 from a zoospore suspension. In cases where P. insidiosum is present in extremely low numbers, the baiting method may not be an effective tool for detection of the organism.
Screening of P. insidiosum in agricultural water sources is important not only for epidemiological studies, but also in ecological and evolutionary investigations of microbial eukaryote community diversity as in comparisons with other peronosporomycetes. However, these studies require subculturing and DNA extraction, which are time-consuming and labourintensive when a large number of isolates need to be identified. Therefore, other PCR-based methods, such as direct colony PCR-single strand conformational polymorphism (PCR-SSCP) should be developed to facilitate rapid screening of P. insidiosum in other environmental samples, such as soil and water plants from agricultural areas [33] . In most of the positive areas, P. insidiosum was usually detected from only a few collection sites, suggesting that there is microheterogeneity in the species distribution. From these findings, one can postulate that P. insidiosum may colonize a small area forming clusters within a habitat instead of spreading uniformly throughout the whole water source. There were no obvious links between the types of water sources that were positive within any of the study areas. However limnological analyses may uncover associations between water-type and the presence/absence of P. insidiosum.
Phylogenetic analysis of the rDNA ITS sequences from P. insidiosum environmental isolates in this study showed that they grouped separately from other Pythium species, and strongly clustered with the sequences of other P. insidiosum isolated from clinical cases (Fig. 2) . This finding indicates that the environmental isolates investigated in this study, not only can be properly identified as P. insidiosum, but they also share phylogenetic features in common with clinical strains from the Americas, Asia and Australia further confirming the species status of the organisms recovered in this study. Some isolates from dogs with 4 Western immunoblot analysis of 7 environmental isolates from Chiang Mai province cultured on Sabouraud's broth pH 6.9 for 5 days at 258C using rabbit polyclonal antiserum to P. insidiosum culture supernatant Lane:1, P. insidiosum CBS119452 as a positive control; 2, CM1; 3, CM2; 4, CM3; 5, CM4; 6, CM5; 7, CM6; 8, CM7.
pythiosis-like lesions were recently identified by Grooters et al. [34] as Lagenidium spp. Unfortunately, neither new information regarding these unusual strains has been published nor have sequences been deposited in GenBank. However, based on the findings of Schurko et al. [35] , Rivierre et al. [36] , and this study one could speculate that Grooters et al. [34] might have been dealing with one of the cryptic strains of P. insidiosum.
Schurko et al. [35] examined the phylogenetic relationships of 23 clinical isolates of P. insidiosum based on polymorphisms found within their rDNA ITS region. Our data strongly agreed with the phylogenetic studies of these workers. They reported three geographically diverged groups that nicely match the three clusters reported in this study. The fact that A-C clustered with high bootstrap support, suggests that these are well differentiated groups. When genetic distances were compared with geographical distributions, some evidence of local evolution was evident in each of these groups. For instance, all isolates within clade A come from the New World (North, South and Central America). There is evidence also for bias in the frequency of genotypes recovered from different regions in Thai clades B and C. Interestingly, Schurko et al. [35] described a third taxon comprised of cryptic USA and Thai strains of P. insidiosum. They believe that this group might represent new phylogenetic species of this emerging pathogen. Oddly, they also found an USA strain in the Asian group (group B this study). This finding could reflect long-distance translocation, possibly as a result of acquiring the infection in Thailand that was subsequently diagnosed in the USA or by contaminated equipment being moved from one endemic area to another.
The findings in this study and the data of Schurko et al. [35] strongly support the presence of three taxa within P. insidiosum. Rivierre et al. [36] recently reported that a P. insidiosum strain from Africa grouped within four phylogenetic clades, a finding that further supported the concept of specific geographical distributions of P. insidiosum genotypes. Recent studies of fungal species have shown that morphologically defined species are often composed of two or more cryptic species, known as phylogenetic species [37] . Diagnosis of these species requires the demonstration of phylogenetic concordance among the genealogies of multiple genes [37] , species boundaries being delineated by the transition from concordance to incongruity among branches. Due to the necessity for data from multiple, physically independent loci, it is not possible to establish the existence of phylogenetic species within P. insidiosum. However, the data in this study suggests the presence of at least three phylogenetic species within P. insidiosum. More studies are necessary to validate the current phylogenetic distribution of P. insidiosum and it is potentical cryptic species.
P. insidiosum infection is acquired through zoospore attachment to injured tissue and penetration of growing hyphae after the host has had contact with highrisk aquatic endemic habitats such as stagnant, swampy and muddy water and wet fields. This study demonstrated that irrigation water could be a natural source of P. insidiosum. Thus, exposure to contaminated water from irrigation and reservoirs could be considered a significant source of infection for farmers and workers in agricultural areas.
